Introduction p Ͻ 0.001), whereas the prepulse delivered at the longer interval had no inhibitory effect. A prior study using a Strong, unexpected stimuli elicit startle responses in all similar paradigm showed that this inhibition lasts apanimals, from invertebrates to humans (Eaton, 1984) . centrally located afferent neurons for the swim response will be firing in the midst of a prepulse-elicited IPSP barrage. We next tested whether this inhibitory input (Getting, 1976); the DSIs are part of the swim central pattern generator (CPG) and also produce serotonergic affected the shape of orthodromic action potentials elicited during the inhibition. In intact animal electrophysiolneuromodulation of other cells in the same circuit (Katz et al., 1994) . See earlier publications (Frost et al., 2001;  ogy preparations, S cells were penetrated with intracellular electrodes, and their excitatory and inhibitory Getting, 1983) for detailed descriptions of the Tritonia swim circuit and its neurons. These experiments thus receptive fields were determined by probing the skin with a handheld glass Pasteur pipette. A series of gentle revealed two circuit loci where tactile prepulses might act to produce PPI. We focused first on the S cell inhitactile stimuli was then applied to the cells' excitatory fields to elicit single orthodromic action potentials. On bition.
alternate trials, these stimuli were delivered while the S cells were receiving inhibitory input elicited by tactile The Prepulse Shortens and Narrows the S Cell Action Potential stimulation of their inhibitory receptive fields. We found that such inhibitory input significantly affected the shape As had previously been reported (Getting, 1976), we found that every one of the S cells tested had a restricted of incoming, orthodromic S cell action potentials. Spikes elicited during the inhibition had a 6.0 Ϯ 1.0 mV shorter excitatory receptive field on the animal's body surface, where tactile skin stimulation caused it to fire, and a peak membrane potential (t ϭ 6.3, p Ͻ 0.001) and 20.9% Ϯ 3.1% shorter duration (measured at their halfmuch larger inhibitory receptive field, where the same stimulation triggered a barrage of fast inhibitory postmaximal amplitude, t ϭ 7.1, p Ͻ 0.001) than when elicited in the absence of inhibitory input (Figures 2C and 2D ; synaptic potentials (IPSPs) onto the cell ( Figures 1A  and 2B ). eight cells, three preparations). For two of the S cells in this experiment, the prepulse was the same 60 Hz As a consequence of this receptive field organization, in our PPI protocol S cells excited by the startle stimulus vibrotactile skin stimulus used in the behavioral proto- 26  33  1  29  3  Tr1  6  6  6  0  0  DRI  6  6  6  0  0  DSI   a   30  35  6  18  7  C2  8  8  8  0  0  VSIA  3  3  0 The low incidence of excitatory S cell responses reflects the relative sizes of the S cell excitatory versus inhibitory receptive fields (see Figure  1A ). This experiment did not attempt to locate the excitatory receptive field. n ϭ 40 preparations. a Neurons receiving significant hyperpolarizing inhibition to the stimulus.
col. In these cases, the inhibitory input caused 6.4 and excitatory interneurons that receive monosynaptic EPSPs from the S cells and are responsible for swim 10.5 mV reductions in spike amplitude and 26.7% and 37.9% reductions in spike duration, respectively. initiation ( Figure 2A) IPSP recorded in the S cells ( Figure 3D ), suggesting that the Pl 9s are few in number. We have recorded from no Our first experimental test of this hypothesis was to assess whether prepulse stimuli act to reduce S cell more than two Pl 9s on either side of the brain in any one preparation. This prepulse-elicited S cell inhibition synaptic efficacy. This experiment was complicated, however, by the fact that both the prepulse and startle lasted no more than a few seconds ( Figure 3D ), similar to the duration of PPI itself, as measured in our prior stimuli activate different members of the same S cell population, which then converge to excite a common behavioral study (Mongeluzi et al., 1998) . Given that Pl 9 mediates prepulse-elicited hyperpolarinterneuronal population ( Figure 2A) . As a consequence of this connectivity, skin prepulses excite the same izing inhibition of the S cells, we next tested whether it might also mediate the inhibitory effect of tactile preinterneurons available as postsynaptic cells for tests of synaptic efficacy of the startle-activated S cells (e.g., pulses on the S cell action potential. Pl 9 trains driven by intracellular current pulses reduced the peak potential of Tr1 and DRI), thus obscuring the test EPSPs.
One way around this problem would be to replace the the S cell spike by 5.7 Ϯ 1.5 mV (t ϭ 3.80, p Ͻ 0.01) and reduced the duration of the spike at its half-maximum skin prepulse with direct stimulation of the inhibitory interneurons mediating the prepulse-elicited inhibition, amplitude by 9.3% Ϯ 3.5% (see Figure 5A , t ϭ 2.65, p Ͻ 0.05, nine cells, five preparations, mean Pl 9 stimulation thereby avoiding activating S cells other than the one whose synaptic efficacy is to be evaluated. A key finding rate ϭ 27.7 Hz). was thus the discovery of a new neuron type mediating this inhibition, here named Pl 9. "Pl 9" refers to one or Evidence that Pl 9 Mediates PPI Our observations that Pl 9 is excited by tactile skin two 70 m diameter cells located on each side of the brain, one to two cell layers below the dorsal surface of stimulation and that intracellular stimulation of Pl 9 mimics the inhibitory effect of skin prepulses on the S cell the pleural ganglion, close to the position where Pleural nerve 1 enters the ganglion ( Figure 3A ). Pl 9 can be action potential are consistent with Pl 9 having a role in mediating PPI. To more stringently test this hypotheidentified in isolated brain preparations by first impaling one or more S cells and then probing with another elecsis, we conducted two further tests. In a single semiintact preparation, we elicited three conclature) was then used to elicit three swim motor programs (each elicited with a 10 Hz, 1 s train of 5 ms secutive swim motor programs with an aversive skin stimulus-a large salt crystal pressed against the dorsal pulses) with an intertrial interval of several minutes. The first and third trials consisted of the nerve stimulus skin. As with the previous experiment, Pl 9 stimulation on trial 2 (5 s, 20 Hz) blocked the swim motor program alone, which always resulted in a swim motor program recorded in the CPG neurons. On the second trial, Pl 9 (trial 1 ϭ 3 cycles, trial 2 ϭ 0 cycles, trial 3 ϭ 4 cycles). These experiments reveal a remarkable inhibitory powas stimulated at 20 Hz, starting 0.5-1 s before and ending either at the beginning (n ϭ 2 preps) or continuing tency for a single neuron-the firing of a single Pl 9 at its physiological rate is sufficient to mediate PPI in Tritonia. throughout the 1 s nerve stimulus (n ϭ 3 preps). Remarkably, this stimulation of a single Pl 9 completely preIn a second test of the hypothesis that Pl 9 mediates PPI, we tested whether killing a single Pl 9 neuron would vented the nerve shock-elicited swim motor program in all six preparations ( Figure 3E ; trial 1 ϭ 3.2 Ϯ 0.2 cycles, reduce the ability of a prepulse to inhibit the swim motor program. In this semiintact animal experiment, the prepulse was a 10 Hz, 1 s train of 5 ms pulses delivered to the skin around the base of the left rhinophore, via chlorided, teflon-coated silver wires inserted into the skin. The startle stimulus was a 10 Hz, 1 s train of 5 ms pulses delivered via suction electrode to the left PdN3, which when administered alone elicited a swim motor program in all cases. In all three preparations, delivering the prepulse train 1 s before the start of the startle stimulus blocked the swim motor program ( Figure 3F , top). In two of the preparations, we were able to successfully locate Pl 9 and fill its soma and processes with 5,6-carboxyfluorescein, after which the cell and its processes were selectively killed by illuminating the entire brain with 480 nm blue light for 90 min (see Experimental Procedures for details). In both preparations, killing a single Pl 9 eliminated the ability of the prepulse to inhibit the swim motor program ( Figure 3F, bottom) . These findings that Pl 9 is both necessary and sufficient for PPI support the conclusion that this neuron is a key cell mediating PPI. As described earlier, in our PPI protocol the S cells firing in response to the startle stimulus (tail shock) are not shown). Curare has been shown to block chloridedependent increased conductance inhibitory potentials doing so from a hyperpolarized membrane potential produced by the prepulse. We next found that directly proproduced by a number of transmitters in the marine mollusk Aplysia (Carpenter et al., 1977) . Such a shunting duced presynaptic hyperpolarization induced these same inhibitory effects on the S cell action potential and effect, together with the postsynaptic hyperpolarizing action of the IPSPs, may act to reduce the effectiveness its synaptic efficacy-this time with no possibility of a postsynaptic action, since the S cells are not electrically of startle-elicited S cell EPSPs generated in these neurons. However, as mentioned earlier, since we also find coupled to their target neurons. In this experiment, S cells were penetrated with two electrodes, one for rethat skin prepulses actually excite both Tr1 and DRI (Table 1) Figure 2A ). Based on these observaIn our initial survey of neuronal responses to tactile skin tions, we categorize Pl 10 as an excitatory interneuron stimuli, we found that the majority of such tests prothat recruits an as yet unidentified inhibitory neuron onto duced hyperpolarizing inhibition of a second site in the the DSIs. Like Pl9, Pl 10 was excited by tactile skin swim circuit-the DSI neurons (Table 1 ). The serotonerstimulation ( Figure 6D ; six semiintact preparations). In gic DSIs are key neurons in the animal's escape response addition, while Pl 10 did not directly inhibit the S cells, network. They make both conventional and neuromoduit did recruit Pl 9 IPSPs onto them via its direct excitatory latory connections in the swim circuit (Katz et al., 1994) connection to Pl 9 (Figure 2A, n ϭ 4 
Pl 9 Inhibits S Cell Synaptic Efficacy

preparations, data and mediate crawling as well as swimming (Popescu not shown). and Frost, 2002). While intracellular stimulation of Pl 9
Like Pl 9, we found that using intracellular stimulation acted to hyperpolarize all S cells, it had no effect on the to drive Pl 10 in a PPI-like paradigm blocked the ability DSIs, indicating that the prepulse must act through other of either nerve stimulation (n ϭ 3 isolated brain preparaneurons to inhibit the DSIs. tions) or salt applied to the skin (n ϭ 1 semiintact prepaWe identified a second new interneuron, Pl 10, that ration) to elicit the swim motor program. In the isolated plays a key role in this prepulse-elicited DSI inhibition brain experiments, the first and third trials consisted of (Figures 2A and 6A) . Pl 10 is similar in size to Pl 9 and the nerve stimulus alone (10 Hz, 1 s, 5 ms pulses), which is located below the surface in the same general area always elicited a swim motor program. On the second of the dorsal pleural ganglion ( Figure 6A The most common inhibition onto afferent pathways, some have speculated that presynaptic inhibition is ideally suited to proare those involving an increased conductance to chloride ions in the presynaptic neuron, as appears to be tect the brain from being overwhelmed by sensory input while processing stimuli (Rudomin and Schmidt, 1999). the case described here. In most instances, the chloride conductance has been found to be depolarizing rather Interestingly, this is just the function separately suggested for PPI by those working on that sensorimotor than hyperpolarizing, because its reversal potential is more positive than the resting potential. 
